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ABSTRACT

India is moving in the right direction to meet its challenging targets
forcutting greenhouse gas emissions and expanding the use of
cleanenergy. As a promising way to lessen the carbon footprint of
thetransportation industry, the development of hydrogen fuel cell
vehiclesis gaining steam in this context. An overview of the current
state ofresearch and development on hydrogen fuel cell vehicles in
India,including government objectives, research and development
efforts,and industry difficulties and potential, is the goal of this article.
Thestudy analyses the role hydrogen fuel cell vehicles can play in
theoverall decarbonization of the transportation sector, as well as
itspotential advantages, such as decreased greenhouse gas
emissionsand enhanced air quality. The document also identifies the
majorissues facing the sector, such as the high cost of fuel cell
technology,the absence of infrastructure for hydrogen refuelling, and
therequirement for more in-depth study and development to raise
theeffectiveness and dependability of fuel cell systems. The
articlefinishes with a discussion of the potential for increased adoption
ofhydrogenfuelcellvehiclesinindia,aswellasthenecessityofongoinggove
rnment support and private sector investment to advance theindustry.
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CHAPTER

1INTRODUCTIO

N

Significant changes in energy policy have occurred all around the world as a
resultofenergy price volatility, scarcity, and environmental deterioration. The threat
posedby global warming has grown, according to scientific findings. As a result, the
welfareof the global populace has grown increasingly susceptible.Our everyday
lives nowrevolve around transport, which is also vital to the growth of the economy.
However,the transportation industry also makes a considerable contribution to
greenhousegas emissions and air pollution. The International Energy Agency (IEA)
estimatesthat the transportation industry is responsible for around 25% of all
carbon dioxideemissions worldwide. To minimise carbon emissions and
accomplish sustainabledevelopment goalsin thissetting, the developmentofalternative
fuelvehicles, suchas hydrogen fuel cell vehicles (FCVs), has become essential.India
is currentlyworking to encourage the adoption of FCVs. The National Hydrogen
Energy
Mission(NHEM),whichaimstoencouragethedevelopmentofhydrogenfuelcelltechnolo
gies and infrastructure throughout the nation, was unveiled by the
Indiangovernment in 2018. The mission's objective is to establish in India a
hydrogenecosystem that would promote the wide adoption of FCVs.The Indian
governmenthasestablishedasteeringcommitteeaspartoftheNHEMtodirecttheadvanc
ement of hydrogen technology in the nation. The committee's duties
includeprioritisingtopicsforresearchanddevelopmentandfosteringpublic-
privatecollaborations in the hydrogen industry.Several commercial entities in India
havebeen working on the development of FCVs in addition to various
governmentinitiatives. One of the biggest automakers in India, Tata Automobiles
has
beendevelopinghydrogenfuelcelltechnologyforitscommercialcars. Thebusinesshaspr
eviouslycreated afuelcellbus,whichispresentlyundergoingtestingthroughoutthe
nation.The number of developed and advanced countries implementing boldnew
plans to drastically cut carbon emissions is rising. However, developing nationsare

now outpacing developed ones in terms of carbon emissions due to their
1



rapidgrowth.Infact,Sternpredictedthatby2030,thecombinedemissionsfromdeveloping

nationswillmakeupmorethan75%ofallemissionsworldwide.Because



developing economies are quickly turning into the main cause of global pollution
anddestruction,mitigationmeasurescannotberestrictedtojusttherichandadvancedNat
ions the readiness of emerging nations to transition from fossil fuels to low-
carbonroutes iscrucialinthisscenario.Sincetheyonlygeneratewatervapourandno
hazardous pollutants, hydrogen fuel cell vehicles (FCVs) are one of the
promisingalternatives to traditional fossil fuel-powered automobiles. However, there
are anumber of issues with FCVs that must be resolved in order for them to be
widelyused.In this essay, we examine a few solutions to those issues.A multi-
prongedstrategy involving public awareness campaigns, private sector investment,
andgovernment laws is required to introduce hydrogen fuel cell automobiles.
Thecreation of infrastructure, safety standards, and fuel cell technology research
anddevelopment can all be funded by the government. Infrastructure for hydrogen
fuelcells, FCVs, and other technologies can be developed and produced by
privatesectororganisations. Throughincentivesandsubsidies,publicawarenesscampa
igns can inform customers about the advantages of FCVs and encouragetheir
adoption. Hydrogen fuel cell vehicles have the potential to replace traditionalfossil
fuel-powered automobiles in a practical and sustainable way by

overcomingthesedifficulties.
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CHAPTER

2ENERGYPOLICIESININDIA

YEAR ENERGYPOLICIES INFORMATIONS
Inclusions of Fuel TheFasteradoptionandmanufact
cellvehiclesinF | uring
AMEScheme electric
vehicles((FAME)schemewaslau
nchedin2015toprovideincentives
for the adoption
andmanufacturingofelectricvehic
les.
Thepromotionoffuelcellbuses | TheNHERIincludedapilotprojectt
opromotethedevelopmentoffuelc
2015 elltechnology including in fuel
THE cellvehicles
NATIONALHYDROGE
NENERGYROADMAP( Infrastructuredevelopment The NHER emphasized need
NHER)

forthedevelopmentofhydrogenre
fuellinginfrastructuretosupport
the development of

fuelcellvehicles

Researchanddevelopment

The NHER included
provisionsforresearchanddevelo

pmentoffuelcelltechnology

Internationalco-operation

The NHER included
provisionsforinternationalco-
operationstosupportthedevelop

mentofhydrogenfuelcellvehicles




IndianQilCorporation(IOC)

The project aims to
showcaseanybenefitsofusingh
ydrogen fuel cells in
publictransport,suchaslowere

missionsandnoiselevels.

2016
Hydrogenenergycentreunde | The centre aim to facilitate
rtheministryofnewandrenew | thedevelopmentofindigenousc
able energy apabilitiesinhydrogenproducti
ons,storageandutilization.
The national programme | Thisaimedtosupportthedevelo
onadvancedchemistrycellba | pmentandproductionofadvanc
tterystorage edenergy
storagetechnology,hydrogenf
uelcells.
Hydrogenenergyandfuelcell | Thisaimedtopromotethedevel
programme. opmentofhydrogenenergytech
nologiesinindia.
2017

Nationalhydrogenmission.

Themissionaimedtoestablish
the roadmap for
thedevelopmentofhydrogente
chnologiesandcreatesupportiv

epolicies.




2019

Thefasteradoptionandmanufactu

ringofelectricvehicles(FAME)

In2019, Thisschemeisaimedtopro
mote the manufacturing ofthese
vehicles in India andcreatesa
supportiveeco
systemfortheiradoptions.

Nationalcouncilforhydrogenandfu
elcells

This scheme is aimed to
promotethemanufacturingofthese
vehiclesinindiaandcreatesasuppor
tiveecosystemfortheiradoptions.T
he

governmenthadallocatedINR1000
OCroresforpromotionofelectricvehi

cles

2020

Thefasteradoptionandmanufactu

ringofelectricvehicles(FAMEII)

This scheme is aimed to
promotethemanufacturingofthese
vehiclesinindiaandcreatesasuppor
tiveecosystemfortheiradoptions.T
he

governmenthadallocatedINR1000
OCroresforpromotionofelectricvenhi

cles

IndianQilCorporation(IOC)

In 2020 The 10C are set up
ahydrogendispensationstation
inDelhi

2021

Nationalhydrogenmissionthefast

er adoption
andmanufacturingo

felectricvehicles(FAME)

In2021ThisPoliciesonhydrogenfue

| cell vehicles was focused

onpromoting the adoption of
cleanandsustainabletechnologiesi
nthetransportsector,Includinghydr

ogenfuelcell vehicles.




2.1 NATIONALHYDROGENENERGYROADMAP(NHER):

A strategic plan outlining the government's vision and objectives for
theadvancement of hydrogen energy in India is known as the National
HydrogenEnergy Road Map (NHER). Since its first release in 2006, the NHER has
beenroutinelymodifiedtotakeintoaccountshiftingenergydemands,scientificdiscoverie

s, andinternationaldevelopmentsinthehydrogenindustry.
2.2 OBJECTIVES:

By encouraging the production, storage, and use of hydrogen as
aclean energy source, the NHER seeks to establish a sustainable

hydrogeneconomyinindia.TheNHER'sgoalsareas follows:

2.3 PROMOTING REASEARCH AND DEVELOPMENT IN
HYDROGENTECHNOLOGIES:

The NHER seeks to develop an environment that is favourable for research
anddevelopment(R&D)inhydrogentechnologies,suchasfuelcells,electrolysers,andhy
drogen storage systems. This will entail providing money for research
initiatives,setting up testbeds, and forming alliances between government,

business, andacademia.
2.4 ENCOURAGINGDOMESTICPRODUCTIONOFHYDROGEN:

The NHER aims to support domestic hydrogen generation using fuels
likenatural gas, coal gasification, and renewable energy sources (solar, wind,
andbiomass). India's reliance on imported fossil fuels would decline as a result,

andenergysecurity willincrease.
2.5 DEVELOPINGAHYDROGENINFRASTRUCTURE:

A strong hydrogen infrastructure, comprising facilities for hydrogen
generation,storage,transportation,anddispensing,iswhattheNHERintendstobuild. Thiswi
Il



entailadoptingstandardsforhydrogenequipment,establishingaregulatoryframework

for hydrogen safety, and offering financial incentives for private sectorparticipation.
2.6 PROMOTINGHYDROGENUSEINVARIOUSSECTORS:

The NHER intends to promote the use of hydrogen in a number of
industries,including transportation, energy production, manufacturing, and heating.
This willentail
raisingawarenessamonginterestedparties,offeringrewardsforearlyadopters, and

setting up trial projects to show that hydrogen technologies arefeasible.

National Hydrogen Energy Roadmap: Vision — 2020

NHERM (2006) Report, Ministry of New and Renewable Energy?

Green Initiative for Future Transport
(GIFT)

Green Initiative for
Power Generation (GIP)

Hydrogen cost at delivery point at Rs. 60-70
per kg, hydrogen bulk storage methods and
transport via pipeline to be in place

Hydrogen storage capacity to be 9 weight %
Support infrastructure- large number of
dispensing stations

Development of safety regulations,
legislations, codes and 1000 MW hydrogen
based power generating capacity setup

1,000,000 hydrogen-fuelled vehicles on
road- 5S0MW small IC engine standalone
generators

50,000 two/three wheelers - S0MW
standalone fuel cell power packs

50,000 cars/taxis - 900 MW aggregate
capacity centralized plants

Hydrogen bulk storage
methods and pipeline to
be in place

Support infrastructure-
large number of
dispensing stations

1000 MW hydrogen
based power generating
capacity setup standards

S50MW small IC engine
standalone generators

50 MW standalone fuel
cell power packs

900 MW aggregate
capacity centralized
plants
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3KEYFEATURE

S

3.1 TECHNOLOGYROADMAP:

The NHER offers an exploration and implementation schedule for
hydrogentechnologyinindia. Theplanoutlinesatimeframeforcompletingseveralmilesto
nes,includingtheintroductionofhydrogenrefuelingstations,thecommercializationoffue

Icellvehicles,andthecreationofahydrogeneconomy
3.2 POLICYFRAMEWORK:

The NHER lays outa framework for policy aimedat advancing hydrogen energyin
India. The framework comprises policies to encourage the production,
storage,anduseofhydrogen,suchastaxincentives,subsidies,andregulations.Aregulat
ory framework for hydrogen safety as well as specifications for

hydrogenequipmentarealsoincludedinthepolicyframework.

3.3 FUNDINGMECHANISM:

The NHER offers a means of funding research and development into
hydrogentechnologyas
wellastheinstallationofhydrogeninfrastructure.Grants,loans,andequity investments

from the public and private sectors are all a part of the fundingprocess.

3.4 PARTNERSHIPS:

The NHER aims to create collaborations between government, business,
andacademia to further the creation and application of hydrogen technologies. To
speedup the commercialization of hydrogen technology, these partnerships will

involvesharing information,skills,andresources



CHAPTER4

PROCESS

4.1 DEMONSTARTIONPROCESS:

Forthe purpose of demonstrating the viability and potential of hydrogen
technology,Indiahasstartedanumberofdemonstrationprojects. Theseinitiativesinvolvet
heutilisationofhydrogenrefuellingstations,fuelcellbuses,andforklifts.

4.2 R&DINITIATIVES:

India has launched a number of research and development projects to
createhydrogentechnology.TheNationalHydrogenEnergyBoard,theHydrogenEnerg

yCentre,andtheFuelCellandBatteryCentreareafewoftheseprogrammes.
4.3 POLICYMEASURES:

India has implemented a number of legislative initiatives to support

hydrogenenergy.Taxincentivesfortheproductionareamongthesestrategies.

4.4 THEFASTERADOPTIONANDMANUFACTURINGELECTRICVEHICLES(FAM
E):

The Indian government announced the Faster Adoption and Manufacturing
ofElectric Vehicles (FAME) scheme in 2015 to encourage the usage
ofelectricvehicles (EVs) and lessen the nation's reliance on fossil fuels. By offering
incentivesandsupportfortheirdevelopment,deployment,andinfrastructureforcharging,
theprogramme seeks to hasten the adoption of electric vehicles in India. two steps
havebeen used to implement the FAME programme. The program's initial phase
beganin April 2015 and lasted until March 2019. April 2019 saw the start of the
secondphase,whichwilllastthroughMarch2022.Thelndiangovernmentofferssubsidyt
oproducersofelectricvehiclesandassociatedpartsaswellasfinancialincentivestoconsu
merswhopurchaseelectricvehiclesviatheFAMEinitiative. Theprogrammealsooffersas

sistancefortheconstructionofanelectricvehiclecharginginfrastructure.

10



4.5 FINALINCENTIVESFORELECTRICVEHICLES:

Customers who purchase electricvehiclesare given financial incentives
throughtheFAMEprogramme.Avarietyofelectricvehicles,includingtwo-
wheelers,three-wheelers, four-wheelers, and buses, are eligible for the subsidies.
The incentivesoffered are basedon the electricvehicle'sbattery capacity and are given
in the formof a direct subsidy,the incentive forelectric cars with a battery capacity of
more than15 kWh is INR 1.5 lakh (about USD 2,050), whilst the incentive for two-
wheelerswithabatterycapacityoflessthan2kWhisINR7,000(aroundUSD95).Bothfleet

operatorsandindividualbuyersareeligiblefortheincentives.

4.6 SUBSIDESFORMANUFACTURESOFELECTRICVEHICLES:

ElectriccarandrelatedcomponentproducerscanreceivesubsidiesthroughtheFAME
programme. The incentives are offered to encourage the manufacturing ofelectric
cars and lower their price. Batteries, electric motors, and chargers are onlya few of
the parts that qualify for the incentives.The subsidies amount is based onthe
component's production cost and is capped at a specific portion of that
cost.Lithium-ion battery subsidies, for instance,are capped at 35%of the cost

ofmanufacture,butelectricmotorsubsidiesare cappedat20%ofthe costofproduction.
4.7 DEVELOPMENTOFCHARGINGINFRASTRUCTURE:

The lack of a charging infrastructure is one of the main obstacles to the use
ofelectric vehicles in India. The FAME programme offers money for the
constructionof an electric vehicle charging infrastructure. The plan seeks to build
chargingstationsinallsignificantcitiesandalongimportantthoroughfares.Stategovernm
ents, public sector organisations, and other groups are given financing forthe
creationofcharginginfrastructure. Thecashwillpayfortheequipment,installation, and
upkeep costs associated with building charging stations.The FAMEprogramme has
been effective in  encouraging India to use electric vehicles.
Morethan6.5lakhelectricvehicleshavebeensoldinindiaasofMarch2021throughtheFA

MEprogramme

11



CHAPTERS

INDIANOILCORPORATION

An Indian public sector oil and gas business with its headquarters in New
Delhiis known as Indian Oil Corporation Limited (IOCL). With a net profit of more than
Rs21,000 crore and a turnoverof more than Rs 5.5 lakh crore, it is the
largestcommercial enterprise in India. The Fortune Global 500 list places IOCL as the

83rdlargestcompanyintheworld.
5.1 HISTORY:

In 1964, the Burmah Oil Company (India) Ltd., Assam Oil Company Ltd.,
andindian Oil Company Ltd. merged to form IOCL. At its first refinery in
Guwahati,Assam, the company began its operations by refining crude oil. Since
then, IOCLhas experienced exponential growth, diversifying its business across

the full valuechainforoilandgas.
5.2 OPERATIONS:

In India, IOCL runs a significant network of refineries, pipelines, marketing,
anddistribution systems. It is the largest refiner in India, operating 11 distilleries
with acombined capacity of 81.2 million metric tonnes per annum (MMTPA). The
largestpipeline system in the nation, owned and run by IOCL, spans over 13,000
km andcarriesnaturalgas,crudeoil,andpetroleumproducts.Withover30,000fueloutletsin
its advertising and distribution network, IOCL provides fuel to over 7,000

bulkusers,includingthelndianarmedservices.

5.3 PRODUCTS:

IOCL's product line offers a variety of fuels and lubricants for use in a variety
ofpurposes.ltmakeskerosene,naphtha,bitumen,aviationturbinefuel(ATF),gasoline,di

esel,liquefiedpetroleumgas(LPG),andfurnaceoil.lnaddition,IOCL

12



producesavarietyofpetrochemicalsandspecialitygoods,includingsyntheticlubricants,specialtyc

hemicals,andhigh-performancefuels.
5.4 INITIATIVES:

In India, IOCL has been in the forefront of the movement to promote
cleanenergy. It hasmade significant investments in cleanenergy
technologieslikebiofuels, hydrogen fuel cells, and wind and solar energy. It has also
started a numberof projects to support electric vehicles (EVs) in India, including
building EV chargingstations and creating batteries and other EV-related parts.
IOCL is also active in anumber of programmes for the preservation of natural

resources, including wastemanagement,reforestation,andrainwatergathering.

5.5 CORPORATESOCIALRESPONSIBILITY:

IOCL has a robust CSR programme that prioritises environmental
protection,healthcare, education, and rural development. It runs a number of
initiatives tosupport education for needy kids, including as the "Vidya Jyoti"
programme, whichawards bursaries to kids from economically disadvantaged
groups. Additionally,IOCL runs a number of healthcare facilities, including mobile
health vans, and hasstarted a number of programmes to encourage rural
development, including theprovision of clean drinking water, sanitary facilities, and

assistance with subsistenceneeds.

5.6 RECENTDEVELOPMENT:

IOCL has been actively growing its business both inside and outside of India
inrecent years. To explore and develop oil and gas reserves in other nations, it
hasestablished a number of joint ventures with other corporations. In addition, IOCL
hasbeen investing in various petrochemical projects in both India and other

countrieswhile looking atpotential in the petrochemicalsindustry.

13
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CHAPTER

6HYDROGENFUELCELL

Vehicles with zero emissions that use hydrogen gas as fuel to

generateenergytodriveanelectricmotorareknownashydrogenfuelcellvehicles,orFCVs.

FCVs have the potential to completely change the transportation
industryand are a promising technology for lowering air pollution and greenhouse

gasemissions.

Despite the fact that there are several research on the use of hydrogen

infuelcelltechnologies,veryfewofthemfocusonunderdevelopednations.

To replace internal combustion engines, automakers have
createdandtested hydrogen FCVon the road. To promote the commercialization
ofzeroemissionvehicles, ToyotahasopeneduphydrogenFCVpatents,followingTesla'sl

eadinmakingelectricvehiclepatentsfreelyavailabletootherautomakers.

These are wunusual partnerships between automakers to promote
innovation.But in developing nations, it has been difficult to implement alternative
vehicletechnologies, particularly those that use hydrogen fuel cells.However, the

focus onhydrogenFCVhasgainedtraction.

Consumersare becoming more aware of the need to convert from fossil fuelsto
renewable clean energy sources in order to combat climate change and

risingurbanairpollution.

Ahydrogenfuelcellvehicle(FCV)useselectricityproducedbytheelectrochemical
reaction  between hydrogen and oxygen, which produces water
asabyproduct,asopposedtomechanicalenergyproducedbyconventionalcombustion
of fossil fuels. When compared to toxic gases and particles created bythe burning
of fossil fuels, such as sulphur dioxide (SO2), nitrogen oxides (NO andNO2), and
carbon dioxide (CO2), water is a harmless by product. rather a secondaryenergy
carrier. However, the majority of the hydrogen produced today still comesfrom

expensivesources.

15



In the year 2006, the world produced 50 million tonnes of hydrogen,
with48% of that coming from natural gas, 30 percent from oil, 18% from coal, and

4%fromrenewablesources.

Thehistory,technology,advantages,drawbacks,andpossibilitiesforhydrogen
fuel cell vehicleswill all be covered in detail in
thisarticle.Vehiclespoweredbyhydrogenfuelcells(FCVs)havebeenaroundformoretha

nl50years.

Although the first hydrogen-powered vehicle trials were carried out in
theearly1800s,thefirstusefulfuelcellwasn'tcreateduntilthe1960s.SirWilliamGrove,aBritis

hlawyer andphysicist,cameupwiththeideaforthefuelcellinthe1830s.

Grove's creation was based on the concept of mixing hydrogen and
oxygenin an electrolyte to produce electricity. NASA and General Electric (GE)

startedworkingtogethertocreatefuel cellsin the1960sforusein spacetravel.

The first space shuttles and satellites were propelled by these early fuel
cells.GeneralMotorsbegandevelopingfuelcelltechnologyforuseinterrestrialvehiclesar
ound this time.Several automakers had created test fuel cell vehicles by the
late1990s.

Toyota unveiled the Prius,a hybrid car that runson both petroland electricity,in
1997. The EV1 is an all-electric vehicle that General Motors unveiled the
yearafter.However,theHondaFCXwasthefirstfuelcellcartobeapprovedforuseonpublic
roads by the Environmental Protection Agency of the United States (EPA)The
Toyota FCHV, a fuel cell vehicle based on the Highlander SUV, was
unveiledbyToyotain2002.

The FCX Clarity, which was the first fuel cell car to be leased to a
retailconsumer,waspresentedbyHondathefollowingyear.TheHydroGen3,afuelcellve
hicle based on the Opel Zafira minivan, was unveiled by General Motors
in2005.The development of fuel cell automobiles spread to other automakers in

theyears thatfollowed.

TheTucsonFuelCell,whichHyundaiunveiledin2013,wasthefirstmass-

producedfuelcellcarthatthegeneralpubliccouldpurchase.
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Toyota unveiled the Mirai, a fuel cell car based on the Toyota Lexus,
in2014.Despite these developments, the uptake of hydrogen fuel cell vehicles

haslaggedbehindexpectations.

This is largely because fuel cell technology is expensive, there aren't
enoughhydrogen fuelling stations, and hydrogen has a lower energy density than
petrol ordiesel.However, in the upcoming years, it is anticipated that the market for

fuel cellvehicleswouldexpand.

By 2030, there may be up to 10 million vehicles running on
hydrogen,according to an estimate by Bloomberg New Energy Finance.Fuel cell
technologyhas been applied in fields other than the automobile sector, such as

buildingelectricityandbackuppowerfordatacentres.

The utilisation of fuel cells has the potential to significantly lower

greenhousegasemissionsandenhanceairquality.
6.1 TECHNICALBEHINDHYDROGENFCVs:

The electric motor in hydrogen fuel cell vehicles (FCVs) is driven by a fuel
cellthat produces energy from hydrogen and oxygen. The fuel cell stack,
hydrogenstorage tanks, and powertrain are only a few of the crucial parts of the
FCVtechnology.The electrochemical reaction occurs inside the fuel cell stack,
which isthecentreoftheFCV.
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It is made up of several stacked fuel cells, each of which has an anode,
acathode, and an electrolyte membrane. While oxygen from the air is delivered
intothecathodeside,theanodesidereceiveshydrogen.Whentheelectrolytemembranei

spresent,thetwogasesreact,creatingwaterandelectricityasbyproducts.

Theelectricmotorofthevehicleisthendrivenbytheelectricity. The compressed

hydrogen gas kept in the hydrogen storage tanks serves as the fuel forthefuelcell.

To achieve maximum storage capacity while minimising weight and
spacerequirements, the tanks must be sturdy and lightweight. The majority of
FCVsemploy high-pressure tanks constructed of metal alloys or carbon fiber-

reinforcedpolymers

An electric motor drives the wheelsof an FCV, which has a powertrain akin toan
electric vehicle (EV). However, an FCV employs a fuel cell to generate power
asneeded rather than relying on a battery to store electricity. As long as there is

asupplyofhydrogenandoxygen,thefuelcellcancontinuouslyproduceelectricity.

Since water vapour is the only result of the fuel cell operation, one benefit
ofFCVs is that they have zero emissions. Nevertheless, depending on the source

ofthehydrogen,thecreationof hydrogen itself mayproducepollutants.

The majority ofhydrogen isnow produced using fossil fuels,althoughcreating
hydrogen using renewable energy sources like wind and solar power

isgainingpopularity.
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6.2 WORKINGDIAGRAMOFHYDROGENFCVs:

FIGURE®G.1

CHAPTER

/BENEFITSOFHYDROGENFCVs

Vehicles driven by hydrogen fuel cells (FCVs) have a variety of
advantagesovertraditionalgasoline-
fueledvehiclesandevenelectricvehicles(EVs).Herearea few of the main advantages
zero Emissions: The fact that FCVs emit nothing atthe tailpipe is arguably their
most significant benefit. Fuel cell vehicles (FCVs) arean appealing choice for
lowering greenhouse gas emissions and improving

airqualitybecausethesoleresultof thefuelcellprocessiswatervapour.

7.1 HIGHEFFICIENCY:

When compared to traditional gasoline-powered vehicles, FCVs are
extremelyefficient. When compared to gasoline-powered automobiles, their
efficiency canreach about 60%, as opposed to about 20% for them. As a result, FCVs

are a morefeasibleoptionforlong-
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distancedrivingbecausetheycantravelfartheronasingle
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tankofpetrol.FCVsoperatepracticallysilently,makingthemanidealchoiceforlocationsthat

aresensitivetonoise,suchresidentialneighbourhoods.
7.2 FASTREFUELING:

In comparison to the hours needed to recharge an EV, refueling an FCV
isequivalent to refueling a gasoline-powered car and just takes a few minutes. Due

tothis,FCVsarea moresensiblechoiceforlong-distancedriving.
7.3 LOWMAINTENANCE:

Comparedtotraditionalgasoline-

poweredvehicles,FCVsrequirelessmaintenancebecause theyhave
fewermovingcomponents. Asa result, thevehicle'slifetimemaintenance
expensesmaybereduced.

7.4 FLEXIBLERANGE:

FCVscanprovideflexiblerange,whichmeanstheycanbemadetoaccommodate a
variety of driving requirements. Some FCVs can be built with arelatively tiny
hydrogen tank and fuel cell stack, which makes them perfect for short-
distancecitytravel.Otherscanbecreatedwithalarger

hydrogentankandfuelcellstack,makingthembettersuitedforlong-distancedriving.

7.5 REDUCEDEMISSIONS:

One of the most important advantages of hydrogen fuel cell vehicles in India
istheir lower emissions. Traditional petrol and diesel fueled vehicles are a
majorcontributortoairpollution,whichcanhaveadetrimentaleffectonboththeenvironme

ntandpublichealth.Asopposedtoconventionalautomobiles,hydrogenfuel cell vehicles

produce no harmful pollutants at all, including carbon dioxide(CO2), nitrogen
oxides (NOx), or fine particulates (PM).A class of harmful
chemicals known as nitrogen oxides can impair breathing

whilecontributingtosmogformation.Particulatematter,whichismadeupofmicroscopics
oot, dust, and other pollutants, has been linked to a number of health
issues,including as asthma, heart disease, and lung cancer. A greenhouse gas

calledcarbondioxideplaysaroleinbothglobalwarming andclimatechange.

21



Vehicles powered by hydrogen fuel cells can contribute to better air quality
andpublic health in India by reducing emissions. This is especially crucial in
metropolitansettings where air pollution is a major concern. The country's carbon
footprint canalso be decreased with the help of the reduced emissions, which is an

importantstep in reducing the adverse effectsofclimatechange.
7.6 REDUCEDCARBONFOOTPRINT:

Reducedgreenhousegasemissionsfromaperson,business,orproductarereferr
ed to as reductions in carbon footprint. The quantity of carbon dioxide andother
greenhouse gases produced into the atmosphere asa resultof humanactivities
including transportation, energy use, and food production is known as
aperson's"carbonfootprint."Forthepurposeofpreventingclimatechangeandprotectingt
heenvironment,reducingcarbonfootprintiscrucial. Amongthestrategiestolessencarbo

nfootprintare:

7.6.1 ENERGYSUFFICIENTBUILDINGS:
Large amounts of carbon emissions are caused by buildings. We can use
lessenergy to heat, cool, and light buildings by creating them with energy-efficient

designandconstruction.

7.6.2 RENEWABLERESOURCES:
Carbon footprint can be significantly reduced by utilising renewable
energysources like wind, solar, and hydropower. These energy sources don't

releasegreenhousegasesandaregettingmoreandmoreaccessibleandeconomical.

7.6.3 SUSTAINABLETRANSPORTATION:
Another significant source of carbon emissions is transportation. We
canlessen our carbon footprint by taking the bus, carpooling, biking, or walking

asopposedtodrivingalone.

7.6.4 SUSTAIBALEAGRICULTURE:
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The use of fertilisers and other chemicals in agriculture is a major
contributortocarbonemissions.We
canlessenourcarbonfootprintbyimplementingsustainable agriculture practises

including crop rotation, utilising organic fertilisers,andcuttingbackonfoodwaste.

7.6.5 IMPROVEDFUELEFFICIENCY

A vehicle's capacity to use less fuel to cover a specific distance is referred
toas improved fuel economy. Reduced fuel consumption minimises greenhouse
gasemissions and lowers gasoline costs for car owners. This is the aim of
improvingfueleconomy.For a number of reasons, FCVs have superior fuel
efficiency thangasoline-powered cars. First off, hydrogen is a fuel that has a high
energy density,or a lot of energy per unit of mass. Because of this, FCVs can drive
farther on asingle tank of fuel than gasoline-powered cars can Second, the
electrochemicalmethod utillised by FCVs to transform hydrogen's chemical energy
into electricity,which powers the motor of the vehicle, is extremely effective. To
provide the
energyrequiredtorunaninternalcombustionengine,thisprocedureismoreeffectivethan
burning Petrol third, using a technique known as regenerative braking, FCVs
canrecover part of the energy that is often wasted while braking. The amount
ofhydrogen required to power the car is decreased by using this energy to
rechargethe battery Overall, drivers should expect to pay less for petrol and have a

lessenvironmentaleffectbecausetohydrogenfuelcellvehicles'enhancedfueleconomy.

7.7 JOBCREATION:

In a number of industries, the advancement and application of hydrogen
fuelcell technology have the potential to generate new employment possibilities.
Thefollowing are some waysthat the development ofthe hydrogen industry could

resultinemploymentcreation

7.7.1 MANUFACTURING:
Specialisedmanufacturingknowledgeisnecessaryforthecreationofhydroge

nfuelcells,hydrogenstoragetanks,andothercomponentsofhydrogenfuel
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cellcars.Especiallyinareaswithahistoryofadvancedmanufacturingcompetence,thiscouldre

sultinthecreationofnewjobsinthemanufacturingsector.

7.7.2 RESEARCH&DEVELOPMENT:

Ongoinginvestmentsinhydrogen fuelcell
technologyresearchanddevelopment could result in new scientific discoveries,
spurring innovation andopeningupnew

employmentopportunitiesforengineersandscientists

7.7.3 SUPPLYCHAINMANAGEMENT:
A new supply chain will need to be created in order to produce
anddistribute hydrogen fuel. In the transportation, logistics, and other associated

areas,this canleadtothecreationofnewjobs

CHAPTER

8INCREASEDENERGYSECURITY

Hydrogenfuelcelltechnologyhasthepotentialtoincreaseenergysecurityinseveral
ways Diversification of energy sources: A number of energy
sources,includingbiomass,solar,wind,andnaturalgas,canbeusedtomakehydrogen.
Energysecurityisincreasedanddependenceonanyonefuelsourceisdecreasedthankstot

his diversificationofenergysources.

8.1 DOMESTICPRODUCTION:

The ability to create hydrogen at home reduces reliance on imported
energysourcesandboostsenergy security.Forinstance,generating hydrogen

fromrenewableenergysourcescan lessen theneed forimportedoil.
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8.2 RESILIENCE:
Intheeventofpoweroutagesorotherdisturbances,hydrogenfuelcellscanfunctionin

dependentlyoftheelectricgrid,givingthemareliablesourceofenergy.

8.3 EMERGENCYRESPONSE:
Emergency response vehicles can be powered by hydrogen fuel

cells,offeringa dependablesupplyofenergyin catastrophescenarios.

8.4 POTENTIALFORCARBONNEUTRALITY:

Althoughfossilfuelsnowaccountforthemajorityofhydrogenproduction,
there is growing interest in manufacturing hydrogen using renewableenergies like
wind and solar power. If this pattern holds, FCVs may eventuallyachieve true
carbon neutrality, making them a more environmentally friendly

modeoftransportation.

8.5 INNOVATIONANDINVESTMENT:

The development of FCVs necessitates a large amount of innovation
andinvestment,whichcanpromotebotheconomicgrowthandtechnologicalimprovemen
t. This could lead to the creation of new companies and jobs, as well

asimprovementsinenergystorageandrelated technology.

CHAPTER

9CHALLENGE

S

Hydrogen fuel cell vehicles (FCVs) have the potential to play a significant role
inreducing greenhouse gasemissions and improving air quality in Indiathe broad useof
this technology throughout the nation, however, faces significant obstacles. |

shallgointogreatdepth onthe difficultiesinthisessay.
9.1 LACKOFINFRASTRUCTURE:
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One of the biggest obstacles to the deployment ofhydrogen fuel
cellvehicles(FCVs)inindiaisalackofinfrastructure.FCVsneedaseparateinfrastructuref
orhydrogengeneration,storage,andtransportthannormalpetrolordiesel vehicles. In
order for FCVs to be a feasible option, a new infrastructurenetwork must be
developedbecause the infrastructure neededforhydrogen fuelingis morecomplicated.

In India, there are now only a very small number of Hydrogen
refuelingstations, mostly in Delhi and Mumbai. A major obstacle to the general
adoption ofFCVs is the dearth of refueling stations. It restricts the range and

functionality ofFCVs,makingconsumeruseless convenient.

A considerable investment is needed to create a nationwide network
ofhydrogen refuelingstationsinordertoencourage
theuseofFCVsinindia.Government,business,andotherstakeholdersmustworktogeth
erforthedevelopmentofthisinfrastructure.Incentivesfortheprivatesectortomakeinvest
ments in the construction of hydrogen infrastructure can be offered by

thegovernment.

To encourage the use of hydrogen fuel cell technology throughout
thenation, the government has also made plans to establish a National
HydrogenEnergyMission.Inordertopromotetheuseofhydrogenfuelcelltechnologyacross
a number of industries, including transportation, power production, and
industrialuses,themissionintendstobuildanextensiveplan.Themissionwillalsoconcent
rate on creating a nationwide network of hydrogen refuelling stations

andotherhydrogeninfrastructure.

9.2 HIGHCOST:

The high cost of hydrogen fuel cell vehicles (FCVs) is one of the main
obstaclesto their widespread use in India. Because of their sophisticated and
complicatedtechnology, FCVs are more expensive than typical petrol or diesel
vehicles. Themost expensive and central part ofan FCV's powertrain, the fuel cell
stack, is largelyto blame for the high cost of these vehicles.The fuel cell stack
creates
electricityfromhydrogenandoxygenthroughachallengingchemicalprocess,whichdrive

S
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the car's electric motor. The fuel cell stack is a crucial part of FCVs, and
producingit costs a lot because it needs expensive materials and sophisticated
manufacturingtechniques.Theabsenceofeconomiesofscaleinthe

fabricationoffuelcellcomponents is another factor raising the price of FCVs.
Currently, there is litledemand for FCVs, and there aren't many companies making
the fuel cell stacks
andotheressentialparts.Asaresult,thequantitiesproducedaresmallandproductioncost
s are still high. Specialised manufacturing techniques and tools are needed
toproduce FCVs, which pushes up production costs even more.Nevertheless, the
fuelcellstackisnottheonlycomponentofFCVsthatisexpensive.Theelectric motorsand
high-pressure hydrogen tanks that are part of FCVs are also more expensivethan
equivalent conventional parts.The restricted availability of FCVs in the
Indianmarketisaresultoftheirhighprice.FCVsaremuchmoreexpensivethanstandardpe
trol or diesel automobiles, making them inaccessible for the majority of
buyers.Furthermore, the usability of FCVs is restricted by a lack of infrastructure

forhydrogenfueling, which reducestheirappeal toconsumers.

It is crucial to lower the cost of FCVs in order to encourage their adoption
inindia. Increasing FCV production numbers, which can result in economies of
scalein the manufacture of fuel cell components, is one strategy to lower the cost of
FCVs.By offering subsidies to manufacturers to develop FCVs and fuel cell
components,the Indian government may play a vital role in fostering the adoption
of FCVs. Thegovernment should also promote the use of FCVs in fleet
management and
publictransport,wheretheirhighpurchasepricecanbebalancedoutbythesavingstheypr
ovide on running expenses and the environment.Enhancing the fuel cell
stack'sefficiencyis anotheroptiontolowerthecostofFCVs.Fuelcellcomponents
canbemade more effectively and durably while also being less expensive thanks to
thedevelopment of improved materials and production techniques. Fuel cell
technologymayadvanceasaresultofresearchanddevelopmentinthisfield,becomingmo

rewidelyusedandmorereasonablypriced.
9.3 LIMITEDAVAILABILITYOFHYDROGEN:

Therestrictedaccessibilityofhydrogenfuelcellvehicles(FCVs)isakeyobstacletotheiri

mplementationinindia.Onlyafewcompaniesarecurrentlymaking
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FCVs,andonlyafewcitieshaveaccesstothem.ThelimitedsupplyofFCVsmakesit  difficult
for customers to buy or lease them, which prevents their widespread

useinthelndianmarket.

There are various reasonswhy FCVsare not widely available. The
lowproduction capacity of manufacturers is one of the main causes. It is challenging
formanufacturersto swiftly scaleupproductionofFCVsdueto the
specialisedmanufacturing procedures and tools needed. Additionally, manufacturers
find it
lessappealingtoinvestinincreasingtheirproductioncapacitybecauseFCVdemandinind

iaisrelatively low.

The absence of infrastructure for hydrogen fueling is another barrier
limitingthe accessibility of FCVs. The availability of hydrogen fuelling stations is
currentlyscarce in India, which restricts the use of FCVs. It is difficult for
manufacturers tomarketFCVsinplaceswithouthydrogenfuelingstationsdue

tothelackofinfrastructureforhydrogenfueling.

The affordability of FCVs is also impacted by their scarcity. Due to their
lowmanufacturing numbers, FCVs are more expensive and therefore out of reach
forthe majority of consumers. The expensive cost of FCVs prevents them from
beingwidely used in fleet management and public transportation, where their

advantagesmay bemoreobvious.

Promoting FCVproductionandavailability in India iscrucial toaddressing the issueof
FCVs' restricted availability. By offering manufacturers incentives to increase
theirmanufacturing capacity and by encouraging the construction of hydrogen
fuellinginfrastructure, the Indian government may play a significant role in fostering
theadoptionofFCVs.

Giving producersand customers tax incentivesisone strategy to encourage the useof
FCVs. Manufacturers can lower the cost of FCVs with the use of tax
incentives,which will
alsopersuadecustomerstobuyorleaseFCVs.Furthermore,byofferingmonetary

incentives for the installation of hydrogen fuelling stations, tax

incentivescanassistsupportthedevelopmentof hydrogenfuelinginfrastructure.
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By funding research and development, the Indian government can also aid in
thedevelopmentofinfrastructureforhydrogenfuelingvehicles.Research&development
can hasten the development of hydrogen fuelling infrastructure andassistfuelcell
technologybecome moreefficientandaffordable.

Promoting the usage of FCVs in fleet management and public transit is
anotherstrategy to increase their acceptance. The advantages to the environment and
lowerrunning expenses of FCVs can make up for their high purchase price. Promoting
theuseofFCVsinfleetmanagementandpublictransportationcan aidindeveloping

amarketforFCVs,whichcouldresultinincreasedproductionandaccessibility.

9.4 SAFETYCONCERN:

In order to ensure the safe operation of hydrogen fuel cell vehicles
(FCVs),important safety issues regarding their deployment in India must be
addressed.
Thehandlingandkeepingofhydrogenfuel,thepossibilityofhydrogenleakage,andthefla
mmability and explosiveness of hydrogen gas are all safety considerations.Dueto
its extreme flammability and explosiveness, hydrogen posesa risk to public
safetyinthecaseofaleakoraccident.Hydrogencanigniteandexplode,causingsevereinju

ryorevendeath,if itcomesintotouchwith anignitionsource.

Leakage of hydrogen is another issue with safety. An explosion or fire could
resultfrom hydrogen leaks from the fuel cell stack, high-pressure storage tanks, or
fuellinginfrastructure. In addition to causing an oxygen shortage in the air, hydrogen

leakingcanalsoincreasetherisk ofsuffocating.

Another key safety problem is how hydrogen fuel is handled and stored. High-
pressure tanks are used to store hydrogen fuel, and particular tools and
methodsare needed to make sure that it is handled and stored safely. In the event
of acollision or other catastrophe, the high pressure of hydrogen fuel storage

tanksfurtherincreasestheriskoftankruptureorexplosion.

Several steps can be done to assure the safe functioning of FCVs in order to
solvethese safety concerns. It is crucial to have appropriate safety rules in place for

thecreation,handling,andapplicationofhydrogenfuel. Theserulesshouldapplytothe
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whole hydrogen fuel lifecycle, including production, transportation, storage,
andfueling.

Assuringthesafe handlingandstorageofhydrogenfuelisacrucialsafetyrequirement.
This calls for specialised tools and methods, such as the usage ofpressure-
relieftools,safetyvalves,andmaterialsthatareexplosion-proof.Inorderto guarantee the
safe

handlingandstorageofhydrogenfuel,operatorsandmaintenancestaffmusthavethepro

pertraining.

The safe operation of FCVs is a further safety measure. This entails including
safetymeasures in the construction of FCVs, such as automatic shutoffvalves in the
eventof a leak or pressure decrease, as well as putting safety procedures in place
forfuellingandservicing.Additionally,FCVoperatorsneedtoobtainadequateinstruction

inthesafeuseand upkeepofFCVs.

Safety issues must also be taken into account when building infrastructure
forhydrogen fueling. Fueling stations for hydrogen should be built and engineered
tomeetsafetyrequirements,includinghavingadequatefiresuppressionandventilation

systems. To reduce the chance of an accident, fueling stations should

beplacedawayfrompopulousareasthat havedelicateinfrastructure.
9.5 LACKOFAWARENESS:

The absence of public and stakeholder knowledge is a significant obstacle
tothe deployment of hydrogen fuel cell vehicles (FCVs) in India. Many Indians
areunawareoftheadvantagesofFCVs,howtheyoperate,andthepotentialcontributionth

eycouldmaketocuttingcarbonemissionsandenhancingairquality.

The low adoption of FCVs in India compared to other nations is the main cause
ofthe lack of knowledge. There are a number of reasons why the adoption of
FCVs,which are still a relatively new technology, has been delayed, including a

lack ofinfrastructure, high pricing,andadearth of fuelcellvehicles.

A major issue is also the lack of awareness among stakeholders. Stakeholders,
suchas legislators, automakers, and investors, must actively encourage the use of

FCVs.Manyofthesestakeholders,however,mightnotcompletelycomprehendthe
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advantages of FCVs or how they might help lower carbon emissions and
enhanceair quality.To encourage the use of FCVs through regulations and

incentives,policymakersareessential.

By creatingandproducingmore fuel cellcars,automakerscanalso helptoencourage
the use of FCVs. However, because to the expensive cost, limitedsupply, and lack
of consumer demand for hydrogen fuel, automakers might notprioritise their
creation of FCVs. Additionally, it's possible that automakers do notcompletely
comprehend the advantages of FCVs or are unaware of the

potentialcontributiontheycouldmaketocuttingcarbonemissionsandimprovingairqualit
y.

By funding the advancement of fuel cell technology and infrastructure, investors
alsoplay a significant part in encouraging the use of FCVs. However, due to
otherpressing issues or perceived hazards, investors may not be aware of the

potentialadvantagesofFCVsormaynotprioritisetheirinvestment.

Several actions can be made to encourage increased knowledge among the
generalpublicand stakeholdersin order to remedy the lackofawareness.
Firstandforemost, there is a need for more outreach and education initiatives to
spread

thewordabouttheadvantagesofFCVsandtoincreaseawarenessoftheirpotentialtolowe

rcarbonemissionsand enhanceairquality.

Therearemanywaystoaccomplishthis,includingadvocacytolawmakers,automakers,a
ndinvestorsas wellaspubliceducationcampaigns,workshops,andevents.More
supportfortheadoptionofFCVscanbeproducedby raisingknowledge of  their

advantages and the potential role they may play in combatingclimatechange.

Theformationofalliancesandpartnershipsamongststakeholders,suchasautomakers,

decision-makers, investors, and non-profit organisations, is anotheraction that may
be performed to encourage increased awareness. By cooperating,stakeholders
can combine their resources and knowledge to advance the use

ofFCVsandovercometheissuespreventingit.

CHAPTER10
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DEVELOPMENTANDIMPROVEMENTOFHYDROGENFCVs

Thearrivalof India'sfirsthydrogenfuelcellbusinDecember2017wasoneof the
noteworthy milestones. The bus, which was created by TataMotors incollaboration
with Indian Oil Corporation, was tested in Mumbai. The Ministry of Newand
Renewable Energy (MNRE) provided funding for the project, which

promotedgreenandefficientpublic transport.

The opening of a new fuel cell technology centre at the Indian Institute of
Technology(lIT) Delhi in association with the Ministry of New and Renewable
Energy (MNRE)was another breakthrough. The center's mission was to create
domestic fuel
celltechnologyforarangeofuses,suchastransportation,fixedpowergeneration,andport

ablepowerequipment.

Thelndiangovernmentalsolaunchedstepstoencouragetheuseofhydrogenfuelcellauto
mobiles.TheMinistryofRoad TransportandHighwaysreleasedadraughtdeclaration in
November 2017 proposing to exempt FCVs from the requirement thatcorporate
transport vehicles have a licence. While the adoption of hydrogen fuel cellvehicles in
India was still in its early stages in 2018, a few significant steps andinitiatives were
taken by the government and industry  players to  advertise

thetechnologyandencourage itsadoption inthenation.

At the India-Korea Business Symposium in February 2019, the Hyundai Nexo,
thecountry'sfirsthydrogenfuelcellvehicle, wasunveiled. TheNexowasn't
offeredforsaleinthelndianmarket;itwasdisplayedasatechnologydemonstrator.Howev

er,thiswasabigstepforwardforthenation'shydrogenfuelcelltechnology.

In 2019, a hydrogen fuel cell bus produced by Indian Oil Corporation (IOC) and
TataMotors was introduced for testing in Delhi. The bus had a 300 km endurance

andcouldberefuelledinaboutl5minutes.

Additionally, the Indian government kept up its initiatives to encourage the use

ofhydrogenfuelcelltechnology. TheMinistryofNewandRenewableEnergy(MNRE)
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unveiled a programme in September2019 to encourage the study and advancementof
fuel cell technology. The programme was intended to speed up domestic fuel
celltechnologydevelopmentandencourageitsuseacrossarangeofindustries.

In order to permit the sale and registration of hydrogen fuel cell vehicles in the
nation,the Indian government also put up a draught declaration to change the Central
MotorVehiclesRulesin2019.Thesuggestedmodificationseekstosupportthegrowth

ofthehydrogenfuelcellcar marketinindiaandcreatearegulatoryframeworkfor

thecommercialapplication ofhydrogenfuel celltechnology.

The introduction of the Ather 450X, India's first two-wheeler powered by a
hydrogenfuel cell, by Ather Energy was one of the key developments. The Indian
Institute
ofScience(lISc)collaboratedinthedesignanddevelopmentofthevehicle,whichhadan85k

mrangeonasinglecharge.

The unveiling of the H2Blu initiative by Indian Oil Corporation (IOC) and
Israelibusiness Phinergy was a further development. The goal of the project was to
createandtestahydrogenfuelcellsystemforelectricvehiclesthatmightpotentiallylowerfu

elcellcostsandincreasefuelcellefficiency.

Additionally, the Indian government kept up its initiatives to encourage the use
ofhydrogen fuel cell technology. The National Hydrogen Energy Mission,which
soughtto develop a hydrogen ecosystem in the nation and encourage the
application ofhydrogen fuel cell technology in a number of sectors, was unveiled by
the MinistryofNewandRenewableEnergy(MNRE)in June2020.

The Indian government also put up a drafting policy to encourage the use
ofhydrogenfuelcelltechnologythere.TheplancalledforcreatingaNationalHydrogen
Energy Board to direct the nation'sadvancementand marketing

ofhydrogenfuelcelltechnology.

Inindia,thehydrogenfuelcellvehicle(FCV)marketcontinuestogrowand
expandin2021,withafocusonraisingconsciousness,encouragingresearchanddevelop

ment,andestablishingalegalframeworkfortheimplementationofhydrogenfuelcelltechn

ology.
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One of the noteworthy events was the introduction of the Tata Motors' Tata Ace
EV,India's first commercial car powered by a hydrogen fuel cell, in January 2021.
Thevehicle was created in partnership with Indian Oil Corporation (IOC) and

wasintendedtoprovidebusinesseswithagreen last-miledeliveryoption.

Thelndiangovernmentalsolaunchedanumberof measurestoencouragetheuseof
hydrogen fuel cell technology. The Ministry of New and Renewable Energy(MNRE)
declared the beginning of a pilot project to create a green hydrogenecosystem in
Ladakh in the month of February 2021. The project's goal was to showthat it is
possible to create green hydrogen utilising renewable energy sources

likesolarandwindpower.

In February 2021, the Indian government initiated the National Hydrogen
EnergyMission (NHEM). The mission's objectives are to encourage the use of
greenhydrogen in various industries and to produce a plan for the country's

advancementand adoptionofhydrogenfuelcelltechnology.

Additionally,thelndiangovernmentputupadraftingstrategytopromotetheuseofhydroge
n fuel cell cars in the nation. The plan included a number of
initiatives,includingtaxbreaks,financialaid,andthecreationofalegalframeworktoencou

ragetheuseofhydrogenfuelcells.

It is difficult to forecast particular advancements in the infrastructure of India
andhydrogenfuelcell vehicletechnologies fortheyears
2022and2023.However,itisexpected that there will be greater investment and
initiatives to encourage the useof FCVs in the nation with the start of the national
hydrogen mission and the |OC'sintentionsto build up apilothydrogen

dispensingstation.

CHAPTER

11CONCLUSIO

NS

India's energy strategy will determine how quickly hydrogen fuel cellvehicles

are developed in that nation. India has set challenging goals to
34



lowercarbonemissionsandboosttheproportionofrenewableenergyinthenation's
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overallenergymix.However,hydrogenisnotcurrentlygiven priorityinthenation'senergy
strategy as a fuel. As a result, there isn't enough infrastructure in place
toproduce,store,anddistributehydrogenfuel.Inindia,thedevelopmentofhydrogenfuel
cell vehicles is probably going to be delayed without major governmentfunding.
The adoption of hydrogen fuel cell vehicles in the nation could thereforebe sped
upby a comprehensiveenergy policy thatpromoteshydrogenasa

cleanenergysourceand offersincentivesfor investinginhydrogeninfrastructure.

REFERENCES

1. Hosseini, S.E.; Andwari, A.M.; Wahid, M.A.; Bagheri, G. A review on
greenenergypotentialsinlran.Renew.Sustain.EnergyRev.2013,27,533—
545.[CrossRef]

2. Granovskii, M.; Dincer, I.; Rosen, M.A. Greenhouse gas emissions reduction
byuse of wind and solar energies for hydrogen and electricity production:
Economicfactors.Int.J.HydrogenEnergy2007,32,927-931.[CrossRef]

3. Derbeli, M.; Barambones, O.; Shita, L.; Derbeli, M.; Barambones, O.; Shita, L.
ARobust Maximum Power Point Tracking Control Method for a PEM Fuel Cell
PowerSystem.Appl.Sci.2018,8,2449.[CrossRef]

4. Hosseini, S.E.; Wahid, M.A.; Aghili, N. The scenario ofgreenhouse
gasesreductioninMalaysia.Renew.Sustain.EnergyRev.2013,28,400—409.[CrossRef]

5. Eriksson, E.L.V.; Gray, E.M.A. Optimization and integration of hybrid
renewableenergy hydrogen fuel cell energy systems—A critical review. Appl.
Energy 2017,202,348-364.[CrossRef]

6. Heywood,J.B.InternalCombustionEngineFundamentals;McGraw-
HillEducation:NewYork,NY,USA,1988.

7. Costilla-Reyes,A.;Erbay,C.;Carreon-Bautista,S.;Han,A.;Sanchez-Sinencio,

E. A Time-Interleave-Based Power Management System with Maximum
PowerExtraction and Health Protection Algorithm for Multiple Microbial Fuel Cells
forInternet of ThingsSmartNodes. Appl.Sci. 2018, 8,2404.[CrossRef]

36



8. Hydrogen refueling station infrastructure roll-up, an indicative assessment of
thecommercialviability and
profitability,lordache,loan;Schitea,Dorin;lordache,Mihaela, International Journal of
Hydrogen Energy, 23 February 2017, Vol.42(8),pg.4722

9. California Air Resources Board, 2017 Annual Evaluation of, Fuel Cell
ElectricVehicle Deployment and Hydrogen Fuel Station Network Development,
August2017,pg.27.

10. https://www.energylivenews.com/2019/06/19/bp-and-japans-itochu-among-
new-firms-joining-hydrogen-council/  xv Hydrogen Council, Hydrogen Scaling

Up,pg.27.

11. IEA, TheFutureofHydrogen,Seizingtoday’sopportunities,ReportpreparedbylEA
fort he G20, Japan, June 2019. pg. 126. xviihttp://www.fuelcellcars.com/bmw-

promises-fuel-cell-car-in-the-early-2020s/

12. E.Rivard,M.Trudeau,K.Zaghib,Materials12(2019)1973.

13. Strategic Analysis report on “Hydrogen storage system cost Analysis”
August2017byC.HouchinsandB.D.James.

14. N. Sirosh. Hydrogen composite tank program, Proceedings of 2002 U.S.
DOEHydorgenProgramReview,Golden,CO,USA,6-10May2002

15. Petitpas, G.; Simon, A.J. Liquid Hydrogen Infrastructure Analysis;

LawrenceLivermoreNationalLaboratory:Livermore,CA,USA,2017

16. Meneghelli, B.; Tamburello, D.; Fesmire, J.; Swanger, A. Integrated
InsulationSystem for Automotive Cryogenic; U.S. DOE Hydrogen and Fuel Cells
Program,2017

11. K.Kunze,K.Oliver,Cryo-
compressedhydrogenstorage,BMWgroup,Munich,Germany 2012

12. Action Plan on Clean Fuels, NITI Aayog and Confederation of Indian
Industry,2018

37



13. Manoharan, Y.; Hosseini, S.E.; Butler, B.; Alzhahrani, H.; Senior,B.T.F.; Ashuri,T.;
Krohn, J. Hydrogen Fuel Cell Vehicles; CurrentStatus and Future Prospect.
Appl.Sci.2019,9,2296.[CrossRef]

14. Zhao, Y.; Mao, Y.; Zhang, W.; Tang, Y.; Wang, P. Reviews on the effects
ofcontaminations and research methodologies for PEMFC.Int. J. Hydrogen
Energy2020,45,23174-23200.[CrossRef]

15. Wang, Q.; Xue, M.; Lin, B.-L.; Lei, Z.; Zhang, Z. Well-to-wheel analysis of
energyconsumption, greenhouse gas and air pollutantsemissions of hydrogen fuel
cellvehicleinChina.J.Clean.Prod.2020,275,123061.[CrossRef]

16. Sun, J.; Feng, H.; Xu, J.; Jin, H.; Guo, L. Investigation of the
conversionmechanism for hydrogen production by coal gasificationin supercritical
water. Int. J.Hydrogen Energy2021,46,10205-10215.[CrossRef]

17. Tasleem, S.; Tahir, M. Current trends in strategies to improve
photocatalyticperformance of perovskitesmaterials for solar tohydrogen production.
Renew.Sustain.EnergyRev.2020,132,110073.[CrossRef]

18. Cao, L.; Yu, LK.; Xiong, X.; Tsang, D.C.; Zhang, S.; Clark, J.H.; Hu, C.; Ng,
Y.H.;Shang, J.; Ok,Y.S. Biorenewable hydrogenproduction
throughbiomassgasification: Areviewandfutureprospects.Environ.Res.2020,186,1095
47.[CrossRef]

19. Ligen, Y.; Vrubel, H.; Girault, H. Energy efficient hydrogen drying and
purificationforfuelcellvehicles.Int.J.HydrogenEnergy2020,45,10639—
10647.[CrossRef]

20. Chugh, S.; Meenakshi, S.; Sonkar, K.; Sharma, A.; Kapur, G.; Ramakumar,
S.Performance evaluation of PEM fuel cell stack onhydrogen produced in the
oilrefinery. Int.J.HydrogenEnergy2020,45, 5491-5500.[CrossRef]

21. Murugan, A.; Brown, A.S. Review of purity analysis methods for
performingquality assurance of fuel cell hydrogen. Int. J.Hydrogen Energy 2015,
40, 4219-4233.[CrossRef]

22. Renewables. Global Status report. REN21 (Renewable energypolicy network
forthe21stcentury);2020[Online].Available:http://www.ren21.net/status-of-
renewables/global-statusreport/.

23. BocklischThilo.Hybridenergystorageapproachforrenewableenergyapplications.
JEnergyStorageNovember2016;8:311e9.htips://doi.org/10.1016/].est.2016.01.004.

24. Lanre O, MekhilefS, Ismail MS,Moghavvemi M. Energymanagement
strategiesinhybridrenewableenergysystems:areview.RenewSustainEnergyRev2016
;62:821e35.https://doi.org/10.1016/i.rser.2016.05.040.

25. Madaci B, et al. Design and control of a stand-alone hybridpower system. Int
JHydrogenEnergy2016.https://doi.org/10.1016/}.ijhydene.2016.01.117.

38



26. Han Y, et al. Two-level energy management strategy for PVFuelcell-battery-
basedDCmicrogrid.IntJHydrogenEnergy2018.https://doi.org/10.1016/}.ijhydene.201
8.04.013.

27. MaghamiMRetal.,Hybridenergymanagementwithrespecttoahydrogenenergy
systemanddemandresponse, Int
JHydrogenEnergy,https://doi.org/10.1016/.ijhydene.2019.10.223.

28. RezkHegazy,etal. Comparisonamongvariousenergymanagementstrategiesforre
ducinghydrogenconsumptioninahybridfuelcell/supercapacitor/batterysystem.IntJHyd
rogen Energy 2020.https://doi.org/10.1016/).ijhydene.2019.11.195.Inpress.

29. Roumila Z, et al. Energy management based fuzzy logiccontroller of
hybridsystem wind/photovoltaic/diesel withstorage battery. Int J Hydrogen Energy
2017.https://doi.org/10.1016/j.ijjhydene.2017.06.006.

30. Keskin  Arabul F, et al. Providing energy management of afuel
cellebatteryewindturbineesolar panel hybrid off gridsmart home system. Int J
Hydrogen Energy 2017.https://doi.org/10.1016/.ijhydene.2017.02.204.

31.DhifliMehdi,JawadiSamir,LashabAbderezak,GuerreroJosepM,CherifAdnane.An
efficientexternalenergymaximization-basedenergymanagementstrategyfor a
battery/supercapacitor of a micro grid system. Int jcomput Sci
netwSecurity2020;20(1):196e203.

32.A Brooker, J. Gonder, S. Lopp and J. Ward, "ADOPT: A Historically
ValidatedLightDutyVehicleConsumerChoiceModel,"SAETechnicalPaper2015-01-

0974,2015.Department of Energy, 2009, “Department of Energy— Hydrogen,”

DepartmentofEnergywebsite, http://www.energy.gov/energysources/hydrogen.htm/.

33. Baker, A., and Adamson, K., 2005, “Fuel Cell Today Market Survey:
LargeStationaryApplications”, Fuel CellToday,2November2005

34. Brdar, D., Bentley, C., Farooque, M., Oei, P, and Rauseo, T., 2006,

“StationaryFuelCellPowerPlantsStatus”, FuelCellsSeminarandExposition.

35. Nishikawa, S., 2006, “Current Status of the Large-Scale Stationary Fuel

CellDemonstrationProjectindapan”,FuelCellSeminarandExposition.

36. Garibaldi, P., 2005, “ltalian H2 Parks and Projects: Towards as Inter-
Regional‘Lighthouse’ActionPlan,IPHESCMeeting,Paris.

39



37. Tulloch, M., 2006, “Hebridean Hydrogen Park: Business Plan 2006-

2008”,EnergylnnovationZone.

38. Mahadevan, K. Judd, K., Stone, H., Zewatsky, J., Thomas, A. Mahy, H.,
Paul,D.,2007,“IdentificationandCharacterizationofNear-
TermDirectHydrogenProtonExchange Membrane Fuel Cell Markets”, Market
Research Study by Battelle forDOEContractNo.DE-FC36-03G013110.

39. Kurtz, J., Ramsden, T., Wipke, K., Sprik, S. 2009, “Data Analysis of Early

FuelCellMarketDemonstrations”’presentation,FuelCellSeminarandExposition.

40. EngineerResearchandDevelopmentCenter(ERDC)-
ConstructionEngineeringResearchLaboratory(CERL)

FuelCellwebsite,PAFCDemonstrationhttp://dodfuelcell.cecer.army.mil/pafc/index.ph

p.

41. EngineerResearchandDevelopmentCenter(ERDC)-
ConstructionEngineeringResearchLaboratory (CERL)FuelCellwebsite,Climate

ChangeRebateProjectOverview.http://dodfuelcell.cecer.army.mil/climate/index.php.

42. EngineerResearchandDevelopmentCenter(ERDC)-
ConstructionEngineeringResearchLaboratory(CERL)FuelCellwebsite,ResidentialD

emonstrationOverview.http://dodfuelcell.cecer.army.mil/res/index.php.

43. White,M.K.,Holcomb,F.H.,Josefik,N.M.,Lux,S.M.,Binder,M.J.,2004,DODReside
ntial Proton Exchange Membrane (PEM) Fuel Cell Demonstration ProgramVolume

I-SummaryoftheFiscal Year2001 Program.

40



41



42



	DEVELOPMENT OF HYDROGEN FUELCELL VEHICLES IN INDIA
	INSTITUTE OF SCIENCEAND TECHNOLOGY (DEEMEDTOBE UNIVERSITY)
	ACKNOWLEDGEMENT
	ABSTRACT
	TABLEOFCONTENTS

	LISTOFSYMBOLSANDABBEREVIATIONS
	CHAPTER 1INTRODUCTION
	CHAPTER 2ENERGYPOLICIESININDIA
	2.1 NATIONALHYDROGENENERGYROADMAP(NHER):
	2.2 OBJECTIVES:
	2.3 PROMOTING REASEARCH AND DEVELOPMENT IN HYDROGENTECHNOLOGIES:
	2.4 ENCOURAGINGDOMESTICPRODUCTIONOFHYDROGEN:
	2.5 DEVELOPINGAHYDROGENINFRASTRUCTURE:
	2.6 PROMOTINGHYDROGENUSEINVARIOUSSECTORS:

	CHAPTER 3KEYFEATURES
	3.1 TECHNOLOGYROADMAP:
	3.2 POLICYFRAMEWORK:
	3.3 FUNDINGMECHANISM:
	3.4 PARTNERSHIPS:

	CHAPTER4PROCESS
	4.1 DEMONSTARTIONPROCESS:
	4.2 R&DINITIATIVES:
	4.3 POLICYMEASURES:
	4.4 THEFASTERADOPTIONANDMANUFACTURINGELECTRICVEHICLES(FAME):
	4.5 FINALINCENTIVESFORELECTRICVEHICLES:
	4.6 SUBSIDESFORMANUFACTURESOFELECTRICVEHICLES:
	4.7 DEVELOPMENTOFCHARGINGINFRASTRUCTURE:

	CHAPTER5
	5.1 HISTORY:
	5.2 OPERATIONS:
	5.3 PRODUCTS:
	5.4 INITIATIVES:
	5.5 CORPORATESOCIALRESPONSIBILITY:
	5.6 RECENTDEVELOPMENT:

	CHAPTER 6HYDROGENFUELCELL
	6.1 TECHNICALBEHINDHYDROGENFCVs:
	6.2 WORKINGDIAGRAMOFHYDROGENFCVs:

	CHAPTER 7BENEFITSOFHYDROGENFCVs
	7.1 HIGHEFFICIENCY:
	7.2 FASTREFUELING:
	7.3 LOWMAINTENANCE:
	7.4 FLEXIBLERANGE:
	7.5 REDUCEDEMISSIONS:
	7.6 REDUCEDCARBONFOOTPRINT:
	7.6.1 ENERGYSUFFICIENTBUILDINGS:
	7.6.2 RENEWABLERESOURCES:
	7.6.3 SUSTAINABLETRANSPORTATION:
	7.6.4 SUSTAIBALEAGRICULTURE:
	7.6.5 IMPROVEDFUELEFFICIENCY
	7.7 JOBCREATION:
	7.7.1 MANUFACTURING:
	7.7.2 RESEARCH&DEVELOPMENT:
	7.7.3 SUPPLYCHAINMANAGEMENT:

	CHAPTER 8INCREASEDENERGYSECURITY
	8.1 DOMESTICPRODUCTION:
	8.5 INNOVATIONANDINVESTMENT:
	9.2 HIGHCOST:
	9.3 LIMITEDAVAILABILITYOFHYDROGEN:
	9.4 SAFETYCONCERN:
	9.5 LACKOFAWARENESS:

	CHAPTER10
	CHAPTER 11CONCLUSIONS
	REFERENCES


